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The 5,61%3~-foot long, rock-faced Zion-Mount Carmel
Tunnel with conecrete spines was completed in 1970 and
retaing structural dntegrity. It is ome of the most
gpectecular manmede gites at Zion Netionel Perk and is
the only one of its kind in the Rocky Mountain Region.
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Due to the urging of Utah Parks Company officisls, the Federal Bureeun of
Public Roeds and the Utah Ste.te Road Commission begen studying weys by which
the scenie points of intersst in southern Utah and northern Arizona could be
linked In Jume 1923, B, J. Finch, the District Engineer of the USDA Buresu of
Public Rosds at Ogden, snd Howerd (. Means, a Utah 3tete Enginser, srrived in
Zion Nationel Park., There, they met with John Winder, an Eagt Rim rancher who
was e leading suthority on the rugged Zion back county. After extensive
gxploration of the srea, the three men concluded that a2 road up Pine Creek,
with & tunnel through the Great arch, wes the most logical route to provide
access into the park from the east. In 1925, the National Park Service helped
conduct a survey of alternative routeg, including one up Parunuweep Cenyon,
but Pine Cresk wos ultimately selected. Completed in 1930 at & cost of
$503%,000, Congressmen Louis C. Crampton of Michigan, chairman of the
Subcommittes for Appropristions for the National Park Service, sponsored the
appropriations thet made congtruction possible,

The Nevede Comstruction Company of Fsllon, Nevads, wes the lowest bidder on
the contract and, in 1927, began construction on the six galleries that are
vigible today. Pilot tunnels were drilled snd then enlearged with an Erie Adir
Shovel to & width of 22 feet and & height of 16 fest. Narrow gauge railcars
hauled the waste meterial from the drillings snd dumped it into the canyon
below through the galleries. In 1951, Gallery #14 was reinforced with
concrete after being demeged by e rock glide., A second gallery was pertislly
gealed and thet portion of the tunnel nesr the gallery reinforced with steel
end concrete followiag a rock slide thet occurred in 1958,

The tunnel is 5,613 feet in length. The grade within the tunnel is
approximately 4 percent, with an elevation incresse of 281 feet from the west
(5,115 feet) to the sast {5,396 feet) end. The west entrence is faced with
coursed, rock-faced, eshlar, ssndstons outlining the opening with a key-stoned
arch. Today, about one-half of the yearly visitors to Zion National Park
enter from the sast entrance by way of the Zion-Mount Carmel Highwsy Tunnel.
It ia no longer possible to stop in the tunnel and view out from the
gelleries, as Park officials heve determined that modern automobiles present a
traffic hazard when they attempted to utilize the originel narrow parking
gpaces built there.
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This report is an addendum to a 2-page report previously 3A -
transmitted to the Library of Congress.

Location: Located on Zion National Park's portion of
the Zion-Mount Carmel Highway. The west
portal is 3.6 miles east of the North Fork
Virgin River Bridge, Springdale vicinity,
Washington County, Utah.

West Portal UTM: 12/326270/4119950
East Portal UTM: 12/327830/4120040
USGS Quad: Springdale East, UT 1980
Dates of
Construction: 1927-1930

Type of Structure: Vehicular tunnel
Use: Vehicular tunnel
Designer/Engineer: U.S. Department of Agriculture, Bureau of

Public Roads; U.S. Department of the
Interior, National Park Service.

Builder: Nevada Contracting Company, Fallon, Utah.
owner: National Park Service.
Significance: The tunnel is the longest constructed

vehicular tunnel in the National Park system
(5,613'), and in the western United States at
the date of its completion. Aspects of its
construction are unique, such as initial
boring through side galleries rather than
entrance portals. The tunnel is also
significant for its association with the
Zion-Mount Carmel Highway, the most expensive
and one of the most difficult highways
constructed by the National Park Service at
its completion in 1930.

Project Information: Documentation of the Zion-Mount Carmel
Highway Tunnel is part of the Southwestern
Roads and Bridges Recording Project,
conducted in 1993 under the co-sponsorship of
Zion National Park and HABS/HAER.

Michael F. Anderson, HAER Historian, August,
1993,
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INTRODUCTION

The 5,613' Zion-Mount Carmel Highway Tunnel is the major
engineering structure along the 25-mile Zion-Mount Carmel
Highway, which connects southern Utah's principal north-south
transportation arteries: Interstate 15 and Highway 89.
Completion of the tunnel in 1930 solved the most vexing problem
of building this road, and marked a number of firsts in the
history of road building. The tunnel is entirely within Zion
National Park, created by act of Congress in November, 1919.

HISTORICAL CONTEXT

Popular needs and demands for better east-west transportation in
southwestern Utah lagged fifty years behind the earliest
European-American settlement in the region. Mormon colonizers
migrating south from Salt Lake City had settled the Virgin River
Valley and Zion Canyon by the early 1860s, but for several
generations had more pressing concerns than construction of a
road to the east. Cattle ranching and subsistence farming in the
semiarid high desert region kept the settlers busy close to home,
while trade and communication typically led west and north whence
the pioneers had come: to the string of towns connecting the
western boundary of the Mormon State of Deseret.

By the turn of the twentieth century, local citizens of Rockville
and Springdale immediately west of Zion Canyon had satisfied
their few needs for access to the high plateau country. John
Winder, a settler in the region since the 1880s, had improved an
old Southern Paiute Indian trail to the east rim which served
cattlemen as well as operators of the Zion cableworks--the
astonishing aerial tramway built in 1901 to transport lumber from
the rim to Zion Canyon below. The road leading to the base of
this trail at the lower cableworks (today's Weeping Rock area)
was little more than a set of wagon ruts to be sure, but sufficed
for driving cattle between summer and winter ranges and for
moving lumber and supplies to and from the lower end of the cable
system.

Demands for better roads, not only in the Zion region but
everywhere in the United States, awaited the dawn of the
automobile age. As the nation awoke to the scenic splendors of
the American West and coincidentally fell in love with the
automobile, motor enthusiasts lobbied in varied ways for better
conduits to the national parks and forests. Motorists and
businessmen alert to the possibilities of tourism first raised
the cry in southwestern Utah in the 1910s, and it was not long
before the State of Utah and the federal government responded
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with a decades-long program to improve transportation to and
within Zion National Park.

A number of factors combined by 1920 to argue for a road passing
through Zion National Park and connecting Highway 91--the
"Arrowhead Trail"--25 miles to the west with Highway 89
equidistant to the east. Population and business growth in Kane
County east of the park argued for an all-season, all-weather
road across the north-south mountain range (the Hurricane Fault
region) to the nearest railhead at Cedar City, Utah. Development
of local scenic wonders--Zion, Cedar Breaks, Bryce Canyon, and
North Rim of the Grand Canyon--and the emergence of a circle
tourism route which connected the nascent parks suggested a
shorter more scenic route if a road could be built through Zion.
These factors, and a dgrowing desire among locals for tourism
opportunities, led to the location, survey, and construction of
the Zion-Mount Carmel Highway in the years 1923-1930.

HISTORY OF THE STRUCTURE
Location and Survey

The history of the Zion-Mount Carmel Highway is conveyed in a
related report (HAER No. UT-39), but the location of that road is
inextricably tied to the identification of a suitable means to
ascend from Zion Canyon to the plateaus far above. This was the
principal problem facing B. J. Finch, District Engineer for the
Bureau of Public Roads, and Howard Means, Chief Engineer for the
Utah State Road Commission, when they travelled to Zion in 1923
to locate a highway route. These men joined with John Winder to
explore the near wilderness east and west of Zion Canyon in the
hope of finding a practical ascent. Ultimately, they determined
the best route would proceed from the mouth of Pine Creek and
ascend to the 100' fall adjacent to the Great Arch of Zion. They
considered and rejected the idea of tunneling through the arch
and imagined, rather, a half tunnel astride or full tunnel within
the fa?e of the Navajo sandstone cliff on the south side of the
creek.

' R. R. Mitchell, Associate Highway Engineer, "Location

Report, Zion Park-Mt. Carmel Road: Zion Park Section," 1926, Zion
Tunne) and Road Reports File, Park Administrator's vault, Zion
National Park (ZNP); Donald T. Garate, "The Zion Tunnel: From
Slickrock to Switchback," undated manuscript, Zion Natural
History Association (2ZNHA) files, ZNP.

Donald Garate's manuscript was edited and published as The Zion
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Two years later, in August, 1925, Finch returned with Associate
Highway Engineer R. R. Mitchell for a reconnaissance of the
general highway route. In October, 1925, Mitchell returned to
Zion Canyon with Senior Highway Draftsman K. B. Campbell and
Transitman T. A. Jones for a formal location. Difficulties with
the terrain required the men to blast a 100' trail along the side
of a cliff to carry the survey above the 100' fall near the great
arch, and to transport supplies up to the east rim with an
1mprov1sed cable system--all in the near vicinity of the proposed
tunnel.?

In February 1927, district personnel of the Bureau of Public
Roads (BPR) submitted plans, specifications and estimates for the
Pine Creek route, and in March began the required topographical
work for the tunnel location. They completed contour maps of the
cliff face in May, which revealed that the cliff face was much
too irregular and unstable to consider an exterior half tunnel,
but that a tunnel was possible within the cliff face and would
regquire no more than a 5 percent grade to gain the east rim. The
BPR also determined that galleries venting to the outside would
be required, and points were chosen at 750, 1452, 2752, 4047, and
4745' east of the west portal--locations providing a concave
surface and the greatest amount of available light (later, a
gallery would be added 518' from the east portal, thus, Gallery 6
is immediately west of Gallery 1). Engineers would construct the
tunnel in a series of tangents between the above points, with
curves at the galleries connecting the lines. Despite the fact
that surveyors could not lay out the tunnel route from above nor
even approach the proposed west and east portals due to
inaccessible terrain, and worked without USGS topographical maps
(first drawn in the early 1930s), the BPR completed
specifications and were able to solicit bids by 2 August 1927.

Tunnel; From Slickrock to Switchback (Zion Natural History
Association, 1991, Revised edition). The 52-page booklet is
excellent for reproductions of historical photographs and road
statistics, but lacks construction detail, thus, the author
relied on Garate's manuscript rather than the booklet as a
principal source.

’ Mitchell, "Location Report"; ZNP Superintendent's Annual
Report, 1925, Zion Codex, ZNP Library.

° R. R. Brown, Associate Highway Engineer, "Final
Construction Report on East Rim Road Route #1," manuscript, 1931,

Zion Tunnel and Road Reports File, Park Administrator's vault,
ZNP, 12-13,.
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The highway project's first contract called for construction of
the Zion-Mount Carmel Highway Tunnel (except for its paving,
gunite lining, and tunnel portal) as well as grading, graveling,
and minor structures for the road approaching the west portal.
The BPR opened bids 31 August 1927, and recommended award to the
Nevada Contracting Company of Fallon, Nevada, for the bid price
of $607,058." The Secretary of the Interior approved the
contract on 7 September and planning for the approach rocad from
the park checking station to the west portal (Section 1) and the
tunnel itself (Section 2) began on 13 September.-

Agreements made to complete the entire 25-mile length of the
Zion-Mount Carmel Highway within three years, coupled with
National Park Service landscape requirements and the
inaccessibility of much of the highway route, necessitated
simultaneous construction of Sections 1 and 2 and completion
within 325 calendar days. Tunnel construction posed
difficulties, since crews had no way to approach the tunnel site
until they could complete a pioneer trail or road from above or
below. These difficulties accounted for the varied strategies
employed in the construction of Sections 1 and 2, which would
include a trail from Pine Creek to the base of the cliffs
conforming to the line of the proposed road, the opening of
multiple galleries in the cliff face and tunneling in both
directions from each gallery, driving a pioneer bore followed
closely by tunnel enlargement, building a construction camp half
way up the talus slope of Section 1, constructing a temporary
aerial tram from Pine Creek to the camp, and the employment of
other time and landscape saving efficlencies that would have been
unnecessary had the company been allowed to start from Pine Creek
and move upward.®

Construction

Work began 23 October 1927, when Tunnel Superintendent R. N.
Scott along with 16 men started the pioneer trail from Station
170 above Pine Creek and carried it past the proposed
construction camp site at Station 130 up to the cliffs at the
sites of Galleries 6 and 1. Later, men strung a 1-1/8" Tru-lay
wire rope trolley 1,000' to gain 700' in elevation to a 40' tower
at the top of the slope beneath the base of the cliffs. They

‘ Brown, "Final Construction Report," 15.

> Ibid., 18.

® Ibid., 19-22.
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used this tram to haul drills, transformers, compressors, 3,000-
pound compressor frames and other heavy equipment to the job
site. Crews built scaffolding from the base of the cliffs to the
exact gallery sites while awaiting the portable compressors.
Drilling began on Gallery 1 on 8 November and on Gallery 6 on 14
November. By 19 December, pilot tunnel headings were started
between Gallery 6 and 1, and between Gallery 6 and the west
portal.’

While work progressed on and between Galleries 1 and 6, crews
extended the pioneer trail at the base of the cliffs beneath the
sites of Galleries 2, 3, and 4; laid a water line and 5" air line
alongside the trail; completed scaffolding to the site of Gallery
2; and commenced drilling at that site on 4 December. Others
assembled an inclined tramway to reach the site of Gallery 3,
some 200' above the trail, and began blasting out this gallery

22 January 1928. As the pioneer trail reached each gallery site,
crews extended water and air lines and built scaffolding,
tramway, or stope to begin driving into the face of the cliff,
then turned in both directions at tunnel line to bore toward the
other galleries. Since the site of Gallery 4 could not be
reached from the outside, crews dug a 45¢ stope (access tunnel)
from the cliff base to tunnel grade, then turned along the
projected tunnel path eastward, and at the computed point blasted
the gallery out from the inside. Gallery 5 was also inaccessible
from the cliff face, so crews bored east along the tunnel line
from Gallery 4, turned at the appropriate point, and blasted this
final window through the cliff face. Ring drilling commenced
between Gallery 6 and the west portal 18 February 1928, and
thereafter moved east, pressing the pilot bore crews but lagging
an average of several hundred feet behind for safety reasons.

] i Main E <

A remarkable engineering aspect of the tunnel project involved
the boring of an 8' x 9' pilot tunnel followed by a process of
"ring drilling" to achieve the main tunnel dimensions of 16' x
22'., Pilot crews ultimately worked 1,275 consecutive shifts to
complete the initial tunnel. As each shift came to work, survey

7 Ibid., 29-31; Garate, "The Zion Tunnel," 26; O. D.
Barnhill, "The new Zion National Park highway opens Utah's 'Dixie
Land'," Ihe_ExplgslMe__Eng;n_ex (August 1929) 296-299;
"Constructlng Zion Park Highway Tunnel,"” Public Works (February
1929) :78-80.

! Brown, "Final Construction Report," 31-34.
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engineers determined their center line and drift while the men
set up the drill framework and began shoveling the rubble left by
the last shift into mining cars. Sullivan and Butler mucking
machines helped load the cars and a Sullivan compressed-air
tugger powered the cars to the nearest gallery where the muck was
dumped into Pine Creek Canyon. Other members of the crew
installed timber shoring and extended the track into newly
blasted tunnel segments. Once the crews had the routine down
pat, and barring any unforeseen events, they were expected to
move t?e tunnel face forward an average of 8' per eight-hour
shift.

With a set procedure of setup, drill, blast, and muck, the tunnel
progressed from each opened gallery. After placing equipment,
pilot crews drilled rows of 8' holes in the tunnel face. From
the top of the tunnel face these consisted of four back holes,
four breast holes, six cut holes, 6 relievers (easers), and
finally four lifters at the bottom of the face. Drilling
required three to four hours. Next, dynamite was loaded into the
holes, two sticks first, followed by a blasting cap and fuse then
another six sticks. All fuses were tied to a short fuse, while
men and equipment moved back to the nearest gallery and the
charge was set. Fuses were timed to detonate one row at a time
at two-minute intervals, beginning with the relievers and
followed by the breast holes, cutters, top holes, side holes, and
finally the lifters which moved the muck away from the tunnel
face. The explosions vented at the galleries and reverberated
throughout Zion Canyon as electric exhaust fans cleared the shaft
of dust and smoke. Each shift then "scaled" loose rubble from
the ceiling and walls before returning to camp.'’

Main bore crews began to expand the pilot tunnel to full size on
18 February 1928, at Gallery 6 and moved in the direction of the
recently opened west portal. They used the process known as
"ring drilling," first employed at the Moffat Railroad tunnel in
Colorado. Men setup several self-radiating, reverse feed
cylinder, stoping drills along tunnel center line at regular
intervals. Each drill was rotated to complete seventeen holes
along its *"column," or "ring," from the base of one tunnel wall
across the ceiling to the base of the other wall. When a full
ring was drilled, men moved the equipment forward three feet and
started another until they had effected 10-12 rings. They then
packed each ring with about fifty pounds of dynamite (20 percent
ammonia, 40 percent gelatin) and fired them all at once. The

> Garate, "The Zion Tunnel," 26-27.

'Y Ibid., 27-29; Idem., The Zion Tunnel, diagram, 37.
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crew then completed their shift using half-yard air shovels to
load the muck into two-yard trucks, which dumped the debris out
the nearest gallery or the west portal. Since ring-drilling
progressed at 30'-36' per eight-hour shift while pilot boring
moved at only 8' per eight-hour shift, main bore crews proceeded
cautiously and at a safe distance behind the pilot crews. Still,
they managed to set at least one world reccord by boring out the
main tunnel a distance of 350' in a one-week period.’!

On 16 September 1928, pilot crews holed through at the east
portal and on 19 October ring drilling crews completed the
tunnel's main bore. For the next two months, men trimmed and
shot tight places in the main bore. The contractor completed the
tunnel project, except for paving and minor cleanup, by mid-
December and the BPR recommended acceptance of the contract work
20 December 1928.'"7

{FEiculti g : 3

The construction timetable and standard methods of drilling the
tunnel and associated galleries are easy to relate, but the task
required more ingenuity and adjustments than is suggested. From
the beginning, locating the tunnel proved a challenge. Since
surveyors found it impossible to run a line over the top of the
mountain, they were forced to project one from base lines along
the pioneer trail near the base of the cliffs. They located hubs
set at the proposed gallery sites by triangulation from base
lines on the opposite side of Pine Creek Canyon. They plotted
tunnel curves with a minimum radius of 225', and were constrained
by the requirement of allowing at least 21' from tunnel
centerline to the face of the cliff. Prior to construction, the
BPR regional office's review of the tunnel plans revealed a need
for a sixth gallery near the west portal, just one of the many
adjustments required as the project was underway.'’

Crews drifting the pilot tunnel east from Gallery 1 encountered
unstable ("heavy") ground and designers had to shift the tangent
between Galleries 1 and 2 deeper into the cliff. This in turn
required a compound curve between Galleries 6 and 1. Unstable
ground also demanded adjustments to the length and locations of

'! Garate, "The Zion Tunnel," 34-35; Idem., The Zion Tunnel,
diagram, 37; Barnhill, "The New National Park Highway."

' Brown, "Final Construction Report,'" 33-34.

¥ Ibid., 38-39.
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the two galleries. A similar instance of unstable ground at the
site of Gallery 3 regquired the tunnel to be moved 37' deeper into
the cliff near this location. Drilling of the pilot bore
revealed that 580 linear feet of tunnel would have to be lined,
at stations 76+91 - 75+62, 75+32 - 74+94, 67480 - 64+54, 63+10 -
62+88, and 47+03 - 46+38. At these sections, pilot tunnel on
grade was discontinued and a top heading on spring line grade was
driven, with lining placed between spring line and the tunnel
roof. The bench below the top heading was later breast-drilled
and upright posts to support the lining placed under the wall
plates. Lining timbers measured 8" x 8" for 64 linear feet
(replaced in 1932-33 with 12" x 12" timbers) and 12" x 12" for
the remaining 516 linear feet. This work was completed in May
1928. Despite Highway Engineer R. A. Brown's assessment that "no
particular problems were encountered in driving the tunnel" and
"the formation through which it was driven was solid sandstone,"
these and other problems with the rock along the tunnel's path
promised later difficulties with tunnel stability.!

The locations of Galleries 4 and 5 far above the talus slope at
the base of the cliff required added work and some engineering
ingenuity to complete these structures. As mentioned previously,
crews opened Gallery 4 from the inside by blasting a stope from
the base of the cliff to the approximate tunnel grade. The line
of the stope was calculated from a hub on the talus slope,
figuring latitude, departure, and elevation to an arbitrary point
on the tunnel grade. When this (theoretical) point was reached,
the tunnel drift was driven to the calculated point at the
proposed curve of the gallery site, thence out to the face of the
cliff. Gallery 5 presented less a challenge as men "simply"
continued the tunnel from Gallery 4 along the designed line, then
turned to blast through to the face of the cliff at the proposed
site. When the final explosion revealed the light of day at the
east portal on 16 September 1928, the actual tangent deviated
from the calculated line by only a few inches.

" F. Leroy Davis, Junior Highway Engineer, "Final

Construction Report on East Rim Road Supplemental Construction,

1932-1933," manuscript, 1935, Zion Tunnel and Road Reports File,

park admlnlstrator s vault, ZNP 2; Brown, "Final Construction
Report," 34-36, 40-42.

5 Ibid., 42-43.
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Eguipment and Work Force
Considering the difficult topography and the enormity of the task
to create a curving tunnel more than a mile in length within a
set distance of a cliff face, engineers and miners made few
errors in calculation and no errors which could not be corrected
with adjustments to location or alignment. The entire section
force completed all but minor cleanup tasks in 273 calendar days,
well within the allotted 325 calendar days.'® The speed and
accuracy achieved is a tribute to the planning, location, and
design work of the Bureau of Public Roads and Nevada Contracting
Company, but also a function of new road-building equipment and
technologies of the 1920s. Men who built roads in this region
thirty years earlier brought picks, axes, shovels, and horse-
drawn wagons to the task, and hardly envisioned vehicular

tunnels. The contractor brought the following equipment to the
zion-Mount Carmel Highway Tunnel project:'’

6 Jjackhammers
12 1liners and stopers

2 150 HP motors

Sullivan stationary compressors, 850 cu. ft. capacity
each
portable compressors

tunnel type, Erie Air Shovel, 1/2 yard capacity
Mack trucks, 3 to 5 yards each

Butler Mucking Machine

Sullivan Mucking Machine
mine cars

Sullivan Tugger Hoists

automatic drill sharpener, oil burner
Worthington steam pumps
Miscellaneous track, pipe, electrical equipment, small
tools

e PRP B NREREORN

The contractor also employed some 200 men and pursued an
aggressive work schedule, fielding three 8-hour shifts each day
between 1 December 1927, and 20 August 1928, to complete the
pilot and main bores. Pilot tunnel drift averaged from 9.7 to
19.6' per day, depending on location and difficulties with rock
and equipment. Progress averaged a brisker 13.5 to 19.6' per day
when the contractor paid a bonus. Salaries for unskilled
laborers averaged about $2.00 per day, while skilled workers made
from $5.50 per 8-hour shift for compressormen to $12.00 per 8-

' Ibid., 38.

” Ipia., 36.
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hour shift for shovel runners. For his own efforts, the general
contractor made $29,680.75 or 8+ percent profit, receiving
payments of $387,868.73 for work on the tunnel and expending
$358,178.98."°

The Nevada Contracting Company also won the contract to pave and
curb the roadway within the tunnel, install limited gunite
lining, and construct the masonry west portal (along with
surfacing of Section 1 roadway) for the bid price of $156,469.
Some of this work resulted from studies in late 1929 of the
sandstone within the recently completed tunnel which revealed a
need for concrete lining at Galleries 6 and 2, an additional 400
linear feet of 12" x 12" timber 1lining, and 1" gunite lining on
the tunnel roof--spring line to spring line--where timber lining
did not exist., Contractor and subcontractors completed the
timber lining 10 August 1929; reinforced concrete lining at
Galleries 6 and 2, on 26 October; the masonry west portal,

29 November; guniting, 23 November; concrete surfacing of roadway
within the tunnel, 12 December; and curbing, 6 January 1930.
Nevada Contracting Company sublet the gunite work to the Cement
Gun Construction Company of San Francisco; production of the
aggregate for the concrete lining, gunite, paving, and curbs to
the Cedar Construction Company of Cedar City, Utah; and
construction of the west portal to the firm of Shea and Shea.

All told, the contractor lost $31,000 on payments from the Bureau
of Public Roads of approximately $170,000 for this portion of the
project.'”

erations -

The Bureau of Public Roads undertook some maintenance and
supplemental construction within the tunnel and other sections of
the highway project between February and August 1930, with force
account labor. The entire project was coqpleted and accepted by
the National Park Service in August 1930.°

Soon after completion of the Zion-Mount Carmel Highway Tunnel,
park administrators noticed cracks in the sandstone and along
gunite surfaces and requested an inspection. The federal

government assigned Dr. Herbert E. Gregory, geologist with the

¥ Ibid., 34, 36-38.
¥ Ibid., 54-56; Davis, "Final Construction Report
Supplemental," 2; Garate, "The Zion Tunnel," 46.

% Brown, "Final Construction Report," 63.
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U.S. Geological Service, to investigate the structure in August
1931. Dr. Gregory found several zones of structural weakness,
which prompted the BPR to request a study by the U.S. Bureau of
Mines. Dr. W. R. Crane, Senior Mining Engineer, and R. A. Brown
completed another study in November 1931, which suggested
possible imminent collapse at various points in the tunnel. As a
result of these studies, Park Service maintenance crews completed
immediate emergency repairs to support the roof in Gallery 3,
block off the outer portion of Gallery 2, and place additional
timber rings to reinforce the 12" x 12" timber lining between
Galleries 1 and 2 and below Gallery 6.2

Detailed field studies of the tunnel and galleries led to designs
and estimates for permanent repairs by May 1932. Designs
included a 6" thick mat of gunite for the ceiling of Gallery 1,
with 1" round steel bars grouted eight feet into the ceiling with
hooks to support the gunite mat, itself reinforced with 1/2"
latticed steel bars. A reinforced concrete wall would replace
the disintegrating rock of the east wall of Gallery 1, and the
seams and cracks in the cliff face above the proposed wall would
be filled with gunite to a height of 20'. The concrete lining in
Gallery 2 was to be tied to the existing lining and extend beyond
the outside line of the masonry wall along the edge of the cliff
face. The BPR awarded the contract for these repairs and
additional work on the road immediately below the west portal to
the Reynolds-Ely Construction Company of Springville, Utah, on

20 July 1932, for the low bid of $112,737.85.%

The contractor worked from 28 July 1932, through 13 April 1933,
completing the project as planned and amended. The major work
involved tunnel enlargement to accommodate new concrete and
timber lining thereby retaining the 16' x 22' tunnel clearance.
In sum, the contractor erected 164 linear feet of 12" x 12"
timber and 726 linear feet of concrete lining, which had the
effect of repairing 1,012' of tunnel. The exact lining
accomplished is as follows:”

’! pavis, "Final Construction Report Supplemental," 3-4;

F. A. Kittredge, Chief Engineer, to the Director, letter, 21 June
1931, Zion Codex, ZNP Library.

“* pavis, "Final Construction Report Supplemental," 4-7.

-} Ibid., 7-8.



ADDENDUM TO

ZION-MOUNT CARMEL HIGHWAY,
ZION-MOUNT CARMEL HIGHWAY TUNNEL
HAER NO. UT-39-A

(page 18)
]
Linear Feet Station to Station Description
48 46455 = 47403 Timber replacing 8' x 8' timber
92 55454 =~ 56446 Timber lining w/ gunite between

and behind plumb post, instead
of timber lagging.

24 73494 - 74+18 Timber lining replacing timber
lining placed by NPS which was
damaged when a block of rock
fell from the ceiling.

136 48480 - 50+16 continuous concrete lining, in-
cluding Gallery 3.
24 50+50 - 50+83 concrete lining in four 6!
sections with 3' spaces.
207 50446 = 59490 Concrete lining, 22 6' and
25 3' ribs w/ 3' spaces
10 65428 - 65443 Concrete lining, 2 5' sections

w/ a 5' timber space between in
solid timber ring section.

241 68+30 - 69+04) concrete lining continuous.
72427 = 75494)

108 66+44 - 67432) Concrete lining, 36 3' ribs
74+18 - 74+54) in alternate bays of 12" x 12"

74480.5- 75+16.5) timber lining.
75+60.5- 76476.5)

During the process of blasting to enlarge the tunnel on

27 September 1932, a large sandstone block fell from the roof
between Stations 72460 and 73+490. The triangular-shaped block
measured 8'-15' in width and extended 18' above the tunnel
ceiling before it collapsed and brought 555 cubic yards of debris
crashing down to the roadway. Thirty-eight men worked three days
to reopen one lane of traffic, and another four days to clear all
of the rubble. In February 1933, the contractor removed and
replaced 137 linear feet of concrete paving, 6" deep by 20' wide,
to repair the roadway damaged by the cave in. Other than this
incident, and aggravating traffic delays while the work
progressed, few problems arose during this supplemental

project.

Reynolds-Ely subcontracted the gunite work to the Case
construction Company of Los Angeles. Sand for the concrete was
obtained from a pit along Highway 89, a short distance south of
Mount Carmel Junction, rather than the long-used pit at
Rockville, which would have presented traffic and steep uphill
hauling problems. The subcontractor first gunited the cliff face

* Ipbid., 12-13, 22-23.
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at the east side of Gallery 1 to a height of 20' above the
concrete wall. He then moved equipment to the east portal and
proceeded quickly to Gallery 3. Crews gunited the east portal to
a height of 8' above the top of the portal, and then shot a new
layer of gunite over the cracks and seams in the ceiling of
Gallery 4 for study purposes. The subcontractor returned in
October 1933, and placed the 6" gunite mat on the ceiling of
Gallery 1 in 1-1/2" layers, then gunited all concrete and rock
surfaces in the gallery.?®

Additional work at Gallery 1 included the removal of
disintegrated rock extending from the east side of the gallery up
the tunnel about 74', and replacement of the rock with a
reinforced concrete wall. This work is clearly visible today
from the pioneer trail, and although aesthetically displeasing,
it was necessary to maintain the integrity of the tunnel at this
point. The wall was completed in six sections, each section tied
to the native rock with reinforcing steel bars grouted into the
bedrock. Excavation and concrete lining were also performed at
Galleries 2 and 3 to shore up weak and moving bedrock.?®

Crews began the extensive concrete lining detailed previously
immediately after they enlarged the tunnel for this purpose.
They poured 6' sections or ribs, leaving three-foot spaces
between sections from Station 57405 to 59+00. Men poured the
concrete by hand shovel within forms of 1" and 3" timber from a
scaffold at spring line. The subcontractor later applied gunite
to the rough concrete surface.?’

Additional minor work performed during the 1932-1933 supplemental
construction project included rebuilding the masonry guardrails
in Galleries 1, 2, and 3 (which had been dismantled during lining
operations); replacing curbing that had been damaged or
dismantled during lining operations; replacing the damaged
concrete roadbed previously mentioned; and application of an
autumn brown stain to the walls and gunited seams of Gallery 1 as
an aesthetic measure. The contractor completed all work April
12, 1933, using a total of 241 calendar days, at a total
construction cost of $152,908.62. Although satisfied with the
project, BPR Junior Highway Engineer F. LeRoy Davis, who
supervised the work along with R. A. Brown, recommended that
periodic inspections be made since varied sections of the tunnel-

> Ibid., 13-15.
2% 1pid., 15-16, 19-20.

7 Ibid., 17-19.
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-especially the old timber-lined sections--continued to show
signs of movement and potential failure.?®

The last major construction project within the tunnel was the
"tunnel lining project" awarded to Reynolds-Ely Construction
Company of Springville, Utah in late 1936 for the bid price of
$226,423.95. The contractor moved onto the job in October and
completed work June 8, 1937.%°° Although the author found no
further information on this project, he believes that it entailed
the lining of the remainder of the tunnel since the entire tunnel
is today lined and no data was found concerning a subsequent
similar project. The high cost of the 1936-37 project also
suggests that all tunnel sections nhot already lined were
completed at this time.

Problems and Repairs Since 1937

Construction and major alterations to the tunnel were completed
with the 1936-37 lining project, but repairs and minor
modifications have been ongoing concerns of the Park Service and
Bureau of Public Roads (today's Federal Highway Administration).
The enormous amount of blasting within the Navajo cliff face--
coupled with normal actions of snow, ice, thaw, freezing
temperatures, earthquakes, and natural erosion--basically ensures
that cracking, movement, and landslides will occur over the
years. The first major slide happened soon after tunnel
completion in 1934 when a massive portion of the cliff above
Gallery 6 sloughed along vertical fault lines and sent tons of
sandstone crashing to the talus slope below. Another slide
containing an estimated 2,850 cubic yards of material left a
fresh sandstone wound 70' high, 50' wide, and 18' deep just west
of Gallery 3 on 2 January 1942. Neither of these slides caused
damage to the galleries or tunnel, but reminded park
administrators that nature would continue to excavate the cliff
face and perhaps someday expose the tunnel within.’®

Slides of 9 October 1949 and in spring 1950 damaged the
reinforced concrete arches of Galleries 4 and 5, but the worst

% Ibid., 21-30, attached financial statement.
?* ZNP Superintendent's Annual Report, 1937, history boxes,
ZNP archives.

* pave D. Hendricks, Assistant Engineer, to Superintendent

Franke, memorandum, 14 January 1942, Landslides: Road Damadge and
Repair File, history boxes, 2ZNP Archives.
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landslide to date occurred following two months of heavy rains on
28 April 1958. At 6:35 a.m., a huge column of rock sloughed off
the cliff face above Gallery 3 and sent thousands of cubic yards
(estimated 80,000 tons) of material down to Pine Creek Canyon.
Along the way it demolished the gallery, backfilled the tunnel,
and almost completely closed the main bore. Damage included the
gallery--which was a total loss aside from the remaining hole in
the cliff--and a large section of roadway along with 45! of
lining within the tunnel. Working feverishly, repair crews
managed to open one lane of traffic by 3 May, and to clear the
remaining concrete, steel, and rock debris by 16 May when two-
lane traffic resumed, but the slide's effects persisted.
Permanent repairs did not begin until October 1959, and continued
to February of the following year, during which time men sealed
the gallery with a wall of concrete which allowed light into the
tunnel through two screened windows at spring line. They also
applied concrete to about 60'-70' of the north tunnel wall
immediately downgrade of the windows--which was now dangerously
close to the exterior cliff face--and secured it with a series of
8' bolts grouted into the remaining natural rock. The men also
repaired the lining and concrete surface that had been damaged,
closing the tunnel (which also meant closing the Zion-Mount
Carmel Highway) to all traffic 5-15 October 1959, and to large
vehicles 19-20 January 1960, to complete the repairs.®

During repairs in late 1959, the Bureau of Public Roads and
Bureau of Reclamation placed temporary "strain gauges" at several
tunnel galleries to monitor cliff movements and recommended the
placement of permanent measuring devices. Later, these permanent
devices were installed and connected to monitoring eguipment at
park headguarters. In May 1961, a complete report for the
previous year submitted to the BPR indicated that readings were
within limits and that the tunnel had not been subjected to
abnormal stress. Others since that date have guestioned whether
the devices really work, and in any event, landslides and rock
falls are about as predictable as earthgquakes and likely to occur
without recent movement being detected.™

1 ZNP Superintendent's Monthly Narratives, February, 1951;

March and April, 1958; September, October, November, 1959;
January and February, 1960, history boxes, ZNP archives. See
also Garate, "The Zion Tunnel," 51-52.

** ZNP Superintendent's Monthly Narrative, May, 1961,
history boxes, 2ZNP archives; Dave Karaszewskl, Zion National Park
Chief of Maintenance, taped interview with Michael F. Anderson, 8
July 1993.
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Decidedly, the late 1950s were not particularly good years for .
park administrators responsible for the Zion-Mount Carmel Highway
Tunnel. The rockslide at Gallery 3 was followed by an accident,
suicide, or murder at Gallery 4, in which Mrs. Milo Long fell
from the window to canyon rocks 200' below. Park workers had to
run a cable down to the rugged canyon bottom and winch the body
back up through the gallery. This incident, perhaps along with
others' propensity for leaning out the windows, prompted park
crews to raise the masonry guard walls at each of the remaining
galleries to 42" in November (Gallery 1) and December 1959.
Other safety measures suggested for the tunnel in this year
included painting the curbing white in alternate 10! sections,
which was done in June 1960 and again in 1963, and putting up
guardrails within the tunnel, which apparently was not done.
Since the 1960s, crews have blocked vehicle access to the
galleries with a 9" high curb, painted the lower portions of the
tunnel's walls white for hundreds of feet from each portal,
installed reflectors on walls and along the centerline, and
continued to paint portions of the curbs--all in the interests of
safety